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Preface

The purpose of this project was to develop software
analysis énd display systems for the Generator Test Fac-
ility of the Aero Propulsion Laboratocy. This system is
used to evaluate the performance of advanced aircrafit
electrical generating systems., The software systems
presented in this thesis comprise a major portion of the
test facility.

I would like to acknowledge fhe support and guidance
given me by Joseph Walick, Engineering Technician, and
William Borger, Project Engineer, both of the Aero Pro-
pulsion Laboratory. I would also like to thank my wife,

Cherry for her effort in typing this thesis.

Philip G. Gaberdiel
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Abstract

—~A software system was specified which would derive the
performance measures of MIL-STD-704B from the test data
provided by the Cenerator Test Facility. This analysis
software system was then designed and implemented., Accuracy
tests on the system demonstrated that very precise measure-
ments of generator performance can be obtained.

A software system was also désigned and implemented to
display the analysis results to the user. The display system
employs a Tektronix 4C10 terminal in an interactive mode to
present the data. The user, therefore, selects the parti-

cular display and time range to be presented. . . ,
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COMPUTER ANALYSIS OF 400 HZ AIRCRAFT ELECTRICAL
GENERATOR TEST DATA

I. Introduction

Background

The Generator Test Facility of the Aero Propulsion
Laboratory is a computer-controlled facility for conducting
performance tests on aircraft elecirical generating systems.
The facility has three 350 horsepower motors capable of
providing generator drive speeds up to 30,000 rpm, Elec-
trical loading for the generator under test is supplied by
5 passive load banks, each designed to provide 3-phase,
infinitely variable'loads with ratings up to 120 kva, 0.75-
1.0 power factor. The test facility also includes o0il and
air systems for supplying cooling to the generator system.

Computer control of a generator test is provided by a
Modcomp minicomputer and a set of test control software.
The software enables the test engineer to program the mini-
computer to ccntrol execution of the generator test. The
minicomputer, via various input/output systems, (1) controls
generator speed and acceleration rate, (2) sclects load
bank settings, and (3) performs other contact-closure type
functions related to controlling the generator test. The

1
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minicomputer also monitors an array of safety conditions
during generator testing. If any of these conditions exceed
preset limits, the minicomputer invokes autoﬁatic test shut-
down procedures.

In sdmmary, a typical generator test consists of
accelerating the generator to a specific operating speed
and then applying a particular electrical load. Figure 1
illustrates the test control system of the Generator Test
Facility. In order to determine the performance of the
generator in response to a particular set of test conditions,
the test engineer must examine thé generator output dvring
the test,

A method for examining the generator output is pre-
cisely the area in which other senerator test facilities
have had the most difficulties, Electrical measurement
devices such as ammeters, voltmeters, oscilloscopes, oscillo~
graphs, etc. are used to display the generator output.

These devices suffer from basic inaccuracies and slow re-
sponse times, It is also difficult to synchronize the

taking of data exactly with occurrence of the desired test
conditions. Further, in order to examine all three phases

of the gecnerator output, it is often necessary to rerun a
test several times. Generally the performance measurements
which can be determined from the generator output are

limited to those which can be displayed directly by an
electrical instrument. In short, these methods for examining

2
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elegtrical génerator performance suffer from inaccuracy
and inability to adequately measure transient response,
require considerable skill and patience on the part of
the analyst, and are cumbersome and inconvenient.

The Generator Test Facility includes a high speed data

‘acquisition system to facilitate the task of examining air-

craft electrical generator performance. The data acquisi-~
tion system is based on the following scheme. First, a low
level (0-5 volt) a.c. signal is developed which is pro-
portional to the electrical signal being measured. For
generator phase voltage, a resistive voltage‘divider is used
to reduce the nominal 115 volté to 5 volts. The phase cur-
rent is first reduced to a lower current level by passing
it through a step-down current transformer. This lower
level current (usually 0-5 amps) is impressed across a
resistive shunt to produce a millivolt signal proportional
to the phase current, This millivolt signal is then ampli-
fied to the desired 0-5 volt level with an instrumentation
amplifier.

The a.c. voltage signals proportional to the generator
output are then each converted to 1 12 bit binary represen-
tation by a high speed (4 microsecond conversion time)
analog-to-digital conversion assembly. An electronics multi-
plexing assembly then formats these binary data words into
serial blocks which each include a reference timing word.
The output of the multiplexing eléctronics is available as

input to the test facility minicomputer.
y
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One function of test control performed by the mini-
computer is to input and store the output of the data

multiplexing system over the time range specified by the

test engineer. The magnetic disk of the minicomputer is
currently Qsed as a storage device for the generator test
data. Thus at the completion of a test, a digitized repre-
sentation of the output of the generator in response to the
test conditions is stored on a dedicated file of the mini-
computer magnetic disk.

The data acquisition system is illustrated in Figure 2.
The system, from analog-to-digital conversion to storage
on the magnetic disk, operates af a rate of approximately
8800 hertz. This rate provides a new digitized data point
every 113 microscconds or 22 data points per cycle of 400
hertz generator output.

A measure of the performance of the generator in
response to the conditions of a test can be determined by
examining this digitized test data directly. In order to
provide a fuller description of the generator performance,
numerical calculations can be performed using the digitized
representation of generator output and the reference timing
word as input. The results of these calculations display
the performance of the generator more clearly to the test
engineer.,

The goal of this project was to design and implement
a softwarc system to analyze the data available from the

Generator -Test Facility.
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Objective

The objective of this project was to design and im-~
plement a software analysis system for the Génerator Test
Facility of the Aero Propulsion Laboratory. The input to
this anal&sis system is the digitized data blocks produced
by the data acquisition system of the test facility. The
analysis system must produce a set of electrical measure-
ment calculations which describe the performance of an
aircraft electrical generator system in response to the
conditions of the test.

The software system must alsé include display routines
which allow the test engineer to examine the results of
the analysis. These routines must be interactive so that
the user can display any analysis results over any time

range.

Aggroach

This project was accomplished in the following manner.
The Tirst step was to specify a set of analysis compu-
tations to be performed on the écnerator test data. The
results of these computations provide a measure of the
performance of an aircraft electrical generation system in
response to the conditions of the test. Military and
industry electrical generator performance standards were
used in selecting the particular set of analysis computa-

tions that were implemented.
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After thé analysis requirements were‘finalized.
algorithms were chosen which would derive the selected
computations from the generator test data available from
the data acquisition system of the Generator Test Facility,
In most instances, several algorithms were available to
implement a particular analysis computation. In these
cases, the particular algorithm chosen was selccted by
trading off ease of implementation, accuracy, and execu-
tion speed.

Next, a software system was designed to implement the.
required analysis computations using the algorithms selected
in the previous step. This software design stressed an
overall goal of‘structuring the system into individual
modules cach performing a distinct function. The design
also emphasized high cohesion within each module and low
coupling between modules. A software system which -meets
these design goals not only accomplishes the data analysis
task but does so in a very straight forward manner. The
well-designed software system is thus easy to maintain and
therefore can expect a longer useful life.

The software system designed in the previous step was
then implemented. Fully commented source listings of all
routines were generated.to document the software analysis
system. A series of tests were conducted to dectermine the
accuracy of the algorithms used in the analysis system.
The next step of the project was to devise a method to

present the analysis results to the user.

8
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Therefore, next a software system was designed which
dispiays the results of the data analysis'to the test
engineer. The output device used for this display is a
Tektronix 4010 cathode-ray-tube terminal. The terminal's
cross—~hair cursor input feature is implemented to allow
the engineer to selcct the particular analysis computation
and time range to be displayed. Again, a structured design
for the display software was derived to provide easy soft-
ware maintenance. 1In addition to fully commented source
listings for all dispiay software, a user's manual was
written to aid the test enginecer.

The total software system, with both analysis and
display features, provides the Generator Test Farility
with a complete and very accurate mechanism for examining
the performancc of an aircraft eclectrical generator under
test. The following text discusses cach aspect of this

thesis project in detail,
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Il. Analysis Software System

Requircmentis

The goal of the first phase of this project was to
determinc a sct of analysis computations which would
represent the performance of an aircraft electrical
generation system. The set of performance parameters were
limited to those dcaling with electrical measurements Qf '
400 hertz alternating current (a.c.) waveforms. By
limiting the study to electrical measurementé, mechanical
measurements such s torque and heat output are specifi-
cally eliminated. These typc measurements are useful in
calculating system efficiencies; however, instruments to
measure these parameters are not currently part of the
Genecrator Test Facility,

By limiting the study to 400 hertz a.c. parameters,
those dealing with direct current (d.c.) or wild frequency
systems are specifically eliminated., Although those type
of systems may have some value in future aircraft electrical
systems, the management of the Aero Propulsion Laboratory
is concentrating future development on 400 hertz a.c.
systems,

The basic source for sclecting this set of analysis
computations is MIL-STD-704B, "Military Standard Aircraft
Electric Power Characteristics",(Ref 1) This document

defines standards for aircraft electrical power character-

10
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istics preseﬂt at utilization equipment power-input term-
inals, maintained during operation of the generétion
equipment. The purpose of this standard is to provide
voltage and frequency limits and conditions for aircraft
electric power to be used as criteria for system performance.

Documents describing the analysis procedures used in

the test facilities of several generator manufacturers (Ref 2,3)

were examined to determine if their analysis requirements
differ from those given in MIL-STD-704B, No new information
or substantial differences in definition of terms were found
in these reports. Therefore, the set of analysis computa-
tions which are used as design requirements for the analysis
software system are derived from MIL-STD-704B.

The analysis requirements and definitions are as
follows:

1. Frequehéz - Frequency is equal to the recip-

rocal of the alternation period of the fundamental

of the a.c. voltage. The alternation period of

the fundamental is assumed to be equal to the time

difference between two successive negative-to-

positive crossovers of the a.c. voltage. The

unit of frequency is the number of alternations

per second and is desigﬁated hertz (Hz).

2., A.,C. Voltape - The term a.c. voltage refers to

the root mean square (rms) phase to neutral values,
where rms voltage is defined by the formula

11
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Vrms =‘% b v2(t)dt (1)

vhere

T = period of alternation
3. Distortion - A.C. distortion is the rms valuc
of the a.c., waveform exclusive of the fundamental.
A.C. distortion includes thec components resulting
from amplitudg modulation as well as harmonic and
non-harmonic components,

4. Distortion factor — The a.c. distortion factor

is the ratio of the a.c. distortion to the rms
value of the fundamental component of the wave-
form,

5, Distortion spectrum - The distortion spectrum

quantifies a.c, distortion in terms of the ampli-
tude of each ffequency component. The distortion
spectrum includes the components resulting from
amplitude and frequency modulation as well as
harmonic and non-harmonic components of the a.c.
waveform,

6. Frequency transient - The frequency transient

is the locus of values defined by the reciprocals
of sequential alternation periods of the a.c.
voltage, in instances when the frequency departs
from the stcady-state value,

7. Voltage suree - The voltapge surge is defined

as a transient departure of the peak values of

12




voltage from the peak instantaneous value‘of the
steady state voltage, persisting for periods in
excess of 500 microseconds, followed by recovery
to within peak values corresponding to steady state.
Surges are caused by load changes, switching, or

power interruptions elsewhere in the system.

8, Voltage spike - The spike is a transient of
total duration normally lesé than 500 microsecond
and i1s superimposed on the otherwise unaltered
instantaneous voltage. Because of the lihited
sampling rate of the Generator Tesv Facility. only
spikes of approximately 250 microseconds or greater
can be accurately ﬁeasured. Spikes may be charact-
erized in the time domain in terms of voltage with
parameters of duration, risetime, and energy.

9. Voltage unbalance - Voltage unbalance is de-

fined as the maximum difference among phase
voltage magnitudes at the utilization equipment

terminals.

10, Steady state - A steady state condition of a
characteristic is one in which the characteristic
shows only negligible change throughout an arbitrar-

ily long period of time.

Following are several long-term (steady state) generator

performance measurements,

11, Frequency drift - Frequency drift is the slow

and random variation of the controlled frequency

13
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level within steady state limits due to such influ-
ences as environmental effects and aéing. When
applicable, the time rate of frequency change due
to frequency drift is the frequency drift rate.

12, Frequency modulation ~ Frequency modulation

is defined as the difference between maximum and

minimum values of 1/T, where T is the alternation

period of one cycle of the fundamental of the

phase voltage, When applicgble, the rate at

which 1/T values repeat cyclically is called the

frequency modulation rate.

Long-term or steady state performance measurements of
this type Qere not implemented in this project. This is
because the present design of the Generator Test Facility
allows storage of dgta for times of_generally 10 seconds or
less. The long-term measurements given above are normally
computed over a much longer time frame., However, it should
be noted that the transiesnt (short-term) performance of a
generator is more difficult to measure than the steady state
(long-term) performance. It is the transient response which
other generator test facilities have had the most problem
measuring accurately, If in the future the data storage time
span possible with the Generator Test Facility is increased,
steady state measurements should be included as part of the
analysis software system.

Two additional parameters must be determined from the

gencrator test data in order to accurately describe the elec-

14

A Lo L s s




irienl conltitions under yhich the gnerator is operatine,
oo moapaeters Jdecepibe the type and anount of electricnl
tondin~- snnlied to the ~enerator,

. L. Current = ALC, current refers to the rns

voalne of the poase current, wvhere ros®*current is

e T el

Yrins “~TJ€ iQ(t)dt (

i = snlternation period of phase voltare

A, Power faztor - rFower factor in defined as the

~orine of the phnse ancle between the voltate and
tiie enrrent o n particular phasce of ~cnerator
coemnt, The »hnse angle defines the phase rela-
tisnshiy Sebtwuren the voltaee and current wave-
“opee o 0 rarticular nhase of aenerator output,

i o noe relstionship is deternmined bty the type
f e lesctrice] 1oui o anplied to the enerator.  There-
T ¢ rovree factor helns describe the electrical
A inions unter which the enerntor was operating
it the tenb.  The power fTauctor of any phase of

‘Anopator outnut is ~iven by the tollowing forrula:

“ .o -Alv(t)i(t)dt
147 147
{ (T./a. v“(t)dt{i/; 17(t)dt

wnere

(3)

T = period

N
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The nex£ step of this project was to design a set of
analysis software to derive the above-stated performance
measures from the test data produced by the Generator Test
Facility. First, however, design goals had to be specified
for the accuracy of each analysis computation. These goals
were determined by considering the types of analysis to be
performed with the test facility and the built~in error
present in the measurement circuitry.

A major function of the test facility is to compare the

performance of aircraft electrical generating systems against

their design requirements. The requirement specificalions
for several advanced fnencrating systems (Refs 4,5,6,7) were
reviewed. These systems are typically required to regulate
steady-state voltare to il volt rms and steady-state fre-
quency to ¥1 hertz. These requirements define the worst
case error acceptable from the entire data acquisition
system. In other words, the data acquisition system must
be accurate enough to detect deviations of at least these
magnitudes. Therefore, the design goal for the accuracy of
the overall data acquisition and analysis system was chosch
as iO.S volts rms for voltace mecasurements, i1.0 amps rms
for current measurements, and 10.5 hertz for frequency
measurements,

[lowever, this overall accuracy is determined by several
factors. For currcent mecasurcments, the current transformer-
shunt combinations contribute a possible worst case error

16
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of 20.517% of full scale. This error represents ¥5.17 volts
for voltage measurcments and %1.29 amps for current measure-
ments. Since this amount of inaccuracy is not acceptable,

a detailecd calibration procedure was devised for the overall
measuring circuit., Use of the calibration procedure reduces
the hardware measurement error to a negligible amount (¥0.054
volts and i0.023 amps). Therefore, the accuracy specifi-
cations given for the overall measurcment process were used

as design poals for the analysis software.

Design

Before designing the software for the analysis soft-
ware, alporlthms were determined to compute each of the
performance measures selected above, Following is a dis-
cussion of each performance measurement ana the algorithm
vhich is used to derive it.

1. Frequency - Frequency is computed as the reciprocal
of the period of the voltape waveform. The period of the
voltage is taken to be the time difference between successive
positive~sloped zZero crossovers of the waveform. However,
the exact time of zero crossover is not known. This is
because data sampling and the generator output are not
synchronized. This unsynchronization means that data points
which correspond with an exact zero crossover are not guar-
anteed (in fact they are extremely rarc). Thus the exact

time for a zero crossover must be estimated by interpolating

17




between the data point just prior to crossover and the data
point just after crossover. Figure é illustrates the voltage
waveform with data points marked with small triangles.

Figure 4 presents the basis for the following linear inter-

polation used to estimate time of zero crossover.
v
1

Vl—V

- (T2—T1) + T1 (4)
2

Using this linear interpolation assumes that the vol-
tage waveform will be very linear in the short time span
between the known data points. This is a valid assumption
since a purc.sine wave is indeed very linear about a zero
crossover., In fact using a data sampling period of 100
microseconds, calculations show that the worst case error in
determination of zero crossover of a 400 Hz sinec wave is
0.102 microseconds. This represents a theoretical worst
case error of 0,0008% in the calculation of the period of the
waveform. Determination of the actual period mezsurement
error of the analysis software is presented later in this
thesis.

Therefore, to represent frequency of a particular phase
of generator output, values for the period of each cycle of
the voltage waveform are determinecd usihg the method stated
above. It is important that these period values be determined

independently for cach of the three phascs of generator out-

put. This is because the frequency of the individual phases
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of the genergtor output can be different.

2. RMS values - The root mean square (rms) value of each
cycle of phase voltage must be computed. Equation 1 defines
the rms value of voltage.

A numerical integration technique was devised which
will compute the average (mean) value of the squared phase

voltage data points over each cycle. The rms value is then

found by taking the square root of this mean value.

In addition to rms voltage, the rms value of phase
current is also computed over each cycle. This current value
is useful in displaying the type of electrical load under
which the generator was operating' during the test.

The numerical integration technique used in rms calcu-
lations is a modified trapezoidal rule. The basic trape-
zoidal rule requires that data points be equally spaced. This
requirement is met in the generatbr test data except around
the zero crossovers which occur at the beginning, middle, and
end of each cycle of the waveform. Over these time intervals
of irregular width, the integral is determined by computing
the triangular area under the waveform between the known data
point and the estimated zero crossover.. For all other time
intervals, the normal trapezoidal rule is used. Equation 5
presents the implementation of Equation 1 using this modified
trapeczoidal rule for the voltage waveform represented in

Fipure 5,

21




4 1 L R,
v ) .. )
rms ‘/wPERIO_D (SUMA + SUMB + SUMC. + SUMD + sums) (5)

where

V2(t1) ( )
t, -2 ;
2 1%

SUMA =

first zero crossover

t__ - 10
SUMB = S22 $~ (v3(t_ ) + V2(tn)); positive half

2 n=1 n+l cycle
vZ(ty,) V()
SUMC = 5 (zt —tll) +——~—§-—a.(t12-zt ); middle
2 2 zZero
crossover
tsamg 251 2 2
SUMD = — 12 (v (tn+1) + V (tn)); negative half
cycle
vE(t,,)
SUME = - (2, -t.,); final zero crossover
2 t3 22
and
PERIOD = Zt - Z, 3 period of alternation
3 % .
tsamp = tn+1 - tn; time between data samples

A determination of the accuracy of this method for
calculating the rms value of a waveform was performed. A
routine implementing this modified trapezoidal rule was
executed ¢n a test input consisting of a software-generated
400 Hz s}ne wave with data points occurrine every

22
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113 microsecbnds. This test input simulates very accurately
the actual data available from the data acquisition system
of the Generator Test Facility. The error in determining the
rms value of the test input was found to be less than 0,04%,
Determination of the actual voltage and current rms measure-
ment errors of the analysis software it presented later in
this thesis,

3. Power factor - A value for the power factor of each
cycle of generator output is computed using the definition
given in Equation 3. The numerical integration required in
this equatior is implemented using'the modified trapezoidal
rule defined in the dischssion of rms.values. )

The preceding analysis computations - frequency, rms

voltage, rms current, and power factor provide the information

necessary to describe the performance of the electrical gen-
erator in response to the conditions of the test. Therefore
the analysis software system processes the raw test data

stored by the data acquisition system on a dedicated file of

the minicomputer's magnetic disk and computes a value for each

of the paramcters for each cycle of each of the three phases
of generator output over the entire test time. The results
of this analysis are stored on another dedicated file of the
magnetic disk. These results are then available to the dis-
play software for interactive presentation to the user.

Most of the remaining performance measurements selected

as design requiremenfs for the analysis software are avallable
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upon display:of the basic analysis computations just discussed.
Therefore, the display software must present these results
in the proper formats to portray these measurements,

One final set of analysis computatioqs have not been
discussed; These are the computations dealing with the a.c.
distortion of the generator output voltage waveform.

4., Distortion -~ Distortion of the voltage waveform is
determined by computing its Fourier representation. The
Fourier represenfation will accurately portray all distortion
components in the waveform if an infinite number of harmonics
are computed. However, because of the finite data sampling
rate of the data acquisition éystem, the Fourler representation
of the test data is accurate for only a limited number of
harmonics,

The data sampling rate of the data acquisition system
is approximately 8800 hertz. By using the Nyquist sampling
criteria, waveforms of up to 4400 hertz can be accurately
analyzed. Therefore, the Fourier analysis proce-dure computes
up to thé 11th harmonic of the output voltage waveform.

The Fourier series representation used for this measure

of waveform distortion is given by the following equation.

a 11
£(t) = o, 2
- T - 2 : (an cos w t & b_ sin w t) (6)
T "n=1 :
i where
T = period and W, = 2%2_
25
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The magnitude of the frequency component at each harmonic

is given by

2 2
‘/an + bn

where

2 T ;
= hTi/g f(t)dt - the averace value of the waveform

[
!

2 T
a, = _T_Jg £(t) cos 3%12 dt - the cosine components (7)

2 T 2nrt
bn = —Jo f(t) sin - dt - the sine components

Harmonic analysis pf the generator output voltage wave-
form is generally of interest only during portions of the test
in which conditions are essentially steady-state. During
channes in electrical load or acceleration/deceleration of
the generator, the.output voltage will usually contain wave-
form distortion which is not of interest. Therefore, the
computation of Fourier coefficients is not carried out over
the cntire range of test data as for the rms and frequency
calculations. Doing this would require storing a large amount
of mostly useless data on the intermediate disk file.

Instead, computation of the Fourier coefficients is
deferred until display of the test data., At this time, the
user selects the particular time range over which the har-
monic analysis is to be performed. Additionally, it is

possible to determine the Fourier representation of each

26
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individual cycle of the voltage waveform. However, in order
to compare the Fourier representation to those produced by

instruments such as spectrum analyzers, it is usually more

desirable to compute the magnitudes of the harmonic components

based on an average over several cycles. The user also
selects the number of cycles over which to carry out this
computation. This completes the formulation of algorithms
to derive the required calculations. Next, a software
system was designed to implement these algorithms.

Figurce G presents a top-level description of the soft-
ware modules that comprise the analysis system. Basically,
an executive routine drives three subordinate modules.' One
module handles input of the raw test data; onc module per-
forms the numerical analyses; and one module outputs the
results to the storage device. The [lollowins section of
this thesis presents the implementation of this software

desian,

Implenentntion

A source listing for the analysis software system is
precsented as Appendix A, These routines implement the
pencrator performance computations described carlier.
Presentecd here is a briefl explanation of this software.

The basic task of the system, illustrated in Figure 6,

is to input the raw test data stored on the disk, calculate

the specified performance mcasurements, and store the results

27
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back on the disk. These results are then available to the
display software system.

To perform this data analysis process, first a root
module ANALYSIS was written to direct three other modules
which each perform a basic function. The first of these
routines READA supplies two successive values of cach
phase voltage and current to the root module. These data
values are floating point representations of the A/D con-
verter outputs. Also returned is the time of the data
sample measured from the beginning of data acquisition. The
time values are "adjusted" double precision representations
of the output of a reference clock circuit which is part of
the data acquistion electronics.

On the first call to READA, the first two blocks of
generator test data must be obtained for return to the root
module. On all subsequent calls, only one new data block
is obtained. The routine READA obtains each individual
data block by calling the routine GETBLXK.

The routine GETBLK performs the conversion of the
raw test data to a form useable by the numerical integration
routine. An explanation of the format of the raw test data
is now in order. The output of the multiplexing electronics
of the data acquisition system consists of a stream of 10-
word blocks, each word being 16 bits wide., Tigure 7 illus-

trates this data strcam,
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The first word of a data block is a null input produced
by a data buffer in thc acquigition electronics which is
hardwired to logic #zero. This null word is used by GETBLK
to locate the beginning of data blocks. The second word
of the block is the output of a 16-bit counfcr driven by a
10 Mliz crystal. (This counter has been referred to pre-
viously as the reference clochk circuit.) This time signal
is required for the numerical intepgration performed in the
data analysis. The ncxt six wordc of the data block are
each the 12-bit binary output of one of the six A/D conver-
ters. The four low-order bits of the 16-bit data word are
hardwired to loeic one. The ninth word of the block is a
parity word computed for the e¢ight previous words of the
block by an elcctronic circuit located in the data acquisi-
tion system. The final word is a chechksum word also computed
for the first eight words by the data acquisition e¢lectronics,
These two data integrity words are usced by diagnostic soft-
warce which can exercise the data acquisition system to de-
tect possible transmission crrors.

These 10-word data blocks arc stored sequentially on
a file of the magnetic disk during test execution. The
routine GETDLE must access each data block, convert it
to useable form, and csupply it to the routing READA.

GETBLI performs this task in the following manner. On the
initial call, the raw data is scanncd to find the first

null word which marks the berinning of the first full data
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block. Next; the reference timing word is processed, This
timing word is produced by a 16-bit counter which resets to
zero approximately every 13 milliseconds. Therefore the
routine GETBLK keeps track of these "roll-overs" so as
to provide a constantly increasing reference time. The time
signal is also converted to double precision.

Next, each A/D converter reading is input ard con-
verted to floating point. This conversion consists of (1)

multiplying by a factor which converts the 12-bit binary to

floating point, (2) adding a zero offset value, and (3) multi-

plying by a scale factor to convert the A/D converter reading

to equivalent volts or amps., The zero offset values and
scale factors are computed for each A/D converter during a
pre-test calibration procedure.

And, finally, GETBLK advances past the two data integ-
rity words. Thus upon the next call to GETBLK, the data
file should be positioned on a null word which marks the
beginning of the next data block.

The routine READ30 handles the task of inputting each
data word from the disk. READ30 returns the next sequential
word from the data file on each successive call until an
end-of-file mark is detected. An cnd-of-file flag is then
set which sipnals the routine ANALYSIS that all raw test
data has been processed. In addition, the initial call to
READ30 rewinds the disk file and initialilzes all variables.
Thus, thils three-level sct of routines supplies dota values
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to the routine ANALYSIS,

The routine AIIALYSIS then passes these data values
to the routine which carries out the numerical integrations
required to implement the calculations described earlier in
Section II, This routine is named NUMINT. A basic descrip-
tion of this routine is as follows. Since all of the numer-
ical integrations must be performed over one complete cycle,
the routine must detect positive-sloped zero crossovers which
mark the beginning and end of a cycle. Thus the routine first

searches the voltage values until it finds the beginning of

a cycle. Cii each successive call, it accumulates the summa-
tions necessary to compute the integrals required in the cal-
culations. When the end of a cycle is detected, the various
calculations arc completed and these values are returned to
the routine ANALYSIS,

Each phase of test data must be processed separately.
N An independent integration range is required for each of the

three phases of gcnerator output data. This is due to the

possibility c¢f their slightly different frequencies noted ear-

lier. The integrations involving phase currents are performed

over the same time ranade as the corresponding phase voltage.
By processing each phase of data independently, no

ﬁ assumptions arc made concerning the phase relationship or

l frequencies of the individual phases. This generality would

‘ allow 400 llz data to be examined on one channel, 60 liz data
on another, and possibly d.c. on another. This flexibility
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is generally not needed for standard generator performance
tests, but it is quite useful in the analysis of other types
of elecctronic systems.

Once ANALYSIS receives a completed set of analysis
computations (indicated by flag values), it must place these
results on a storage device for later use by the display
system. ANALYSIS calls the routine DVWRITE to accomplish
this.

The routine DVRITE sequentially outputs each packet
of analysis results‘along with a key denoting the phase which
the data represents to a dedicated file of the magnetic disk.
The assembly code routine WRIT29 is called to write each
data word to the disk file. The routine DINIT is called
by AMALYSIS to rewind this file at the beginning of analysis.
The routine DVUEROF idg called to close the data file when
ANALYSIS determines that all test data has been processed,

The final step of the implementation of the analysis
software system was to perform accuracy measurements. The
following section discusses the results of these accuracy

tests.

Accuracy lMeasurcments

As part of the design requirements for the analysis
software system, error limits were specified. These limits
were Y0.5 volts rms for voltage measurements, il.o amps rms

+
for current measurements, and =0.5 hertz for frequency
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measuremcnts.: The algorithms selected to compute rms
values and period measurements were shown to have theoretical
errors much less than these goals. However, to provide
complete assurance of the accuracy of the analysis soft-
ware, two operational tests of the system were conducted.

The first test involved applying the analysis system
to a software-generated input. This test input was provided
by substituting the lowest level data handling routine,
GETBLK, with a routine which supplied calculated sine func-~
tion values so as to simulate actual generator test data.
This test is very similiar to the software testing which was
performed on the individual alpgorithms during their selec-
tion; however, this represents a more complete test of the
accuracy of the analysis svstem. The test input was selected
tu be a 400 Hz sine wave with peak magnitude of 162,61 volts.
The calculated results should then be 115 volts rms and 400 Hz.
Actual results of the analysis with this test input are dis-
played in Fipure 8. As can be scen, calculated values for
rms voltape and rms current differ from the expected results
by at most +0.1 unit. Thicz «rror is well within the design
limits, The values for frequency are exact to one decimal
place. Illowever, since in this case data sampling and the data
waveform are esscntially synchronized, this test does not
adeéuatcly measurc the accuracy of the frequency calculation.

The other accuracy test performed with the system con-

sisted of performing analysis on a known electrical input.
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This input waé supplied by a 400 Hz reference power supply.
The voltasge output of the source was measured by a true rms
voltmeter having an accuracy of ¥0.008 volts, This voltage
output was measured to be 128.4 volts rms. The frequency of
the scource was measured by a frequency counter to be exactly
400 hertz,

Figure 9 prescnts the results derived by the anélysis
software system for this test input. The avera-2 value of
the calculated rms voltage over the time range displayed is
128.54, Thin diffefs from the measured value by +0.14 volts.,
The average value for frequency 1is 399.93 hertz. Tnis differs
from the measured value by -0.07 hertz, These error magni-
tudes are well within the design limits.

No error determinations for current measurements were
performed as part of this test. This was because the method
for developing current measurcimcents makes it difficult to
obtain an accurate ammeter reading for the current. However,
the results of the previous test usinn a software-generated
input insures that the analysis system will compute rms
current with the required accuracy.

Thus, these two tests demonstrate that the analysis
software system performs with the accuracy specified in the
design goals. This 1eQe1 of accuracy makes the test facility
and analysis system precise tools for determining generator
performance measures, Next, a means was required to present
the analysis results to the user. The next chapter discusses
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the display software system which was developed to serve

this function.
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III. Display Software Systen

Requirenents

The next major tasii in this project wars to do. lerons

set ol display software. This software allows tho et

engincer to cxamine the perforinance measnrc..on Lo Soived

by the analysis software systenm. ‘The first step dn fowvel-

opine this software system was to specify its desi n

requirements,
¥Pollowin  are the desimn requircncents for the io.i-w

software selected with concurrence of the laborator, o oo

for this project., rirst, the display systen: mustc o inis -

active so that the user can select the desirved dics) o oo Lice,

display time rancc, and particular nhase of .cner-to> test

data. The output dcvice used to immlenment the dis, loor oo

a Tektronix 4010 terminal with hard-copy option., It crono-

hair function was used to provide the user a nmethod of inter-

active response.
Next, a set of display formats were selccted ihiich

would nresent the sgenerator performance measuremncents in o

clear and concise manner. 1
Following is a list of the selected formats:
1. Instantaneous values (plot) - This displav pre-
sents the instantancous valucs of a sclected phase
voltage and current versus time over the time rance i

Lo




selected by the user. The actual plot is gen-

erated by connecting the individual-A/D converter
readings. A value for the averagZe power factor is
computed over the disnlayed time and presented on

the plot.

2. Instantancous values (table) - This display
presents in tabular form the instantancous voltance,
current, and time values of a selected phase over

a seclected time range. The values displayed are

the scaled A/D converter readings and the "adjusied®
output of the reference timer.

3. RS values (plot) - This display presents the

rms values of a2 selectcd phasce voltaze and current
versus time over the time rante selected by the uccr.
This plot is generated by connecting the rms valuces
corputed by the analysis software.

4, s valuces (table) - This display nrcsonfs in
tabular form a value for rms voltage, rns current,
power factor, period, and test time for each cycle
of tic selected phase over a selected time ranie,

S. Frequency deviation - This display plots the
frequency versus time for a sclected phase over a )
selected time rance. Dy centering the plot about
400 Hz (the nominal frequency for fencrator output),

this plot will display frequency deviation. Pre-

sented in the same display is a plot of rms phase

voltare versus time., This plot is for refecrence

LB




purposes and usually demonstrates the cause for

any frequency deviation,

6. Harmonic content - This display presents a

hispogram of the magnitudes of each integral

harmonic of the base frequency. This harmonic

analysis is performed for the number of harmonics,

over the number of cycles, and for the phase sel-

ected by the uscr. Values for the base frequency

and total harmonic distortion are computed and dis-

played.

To make the display system easy to use, the user should
gencrally be able to select any of the display options after
the display of any other. 1In several instances, this is not
possible. In particular, the harmonic content calculation
and display will be available only after plotting the instan-
taneous phasc values. Only from the phase values display can
the user selecct mecaningful parameters necessary for the harmonic
analysis computation,

Also since the two tabular displays have no time scale
associated with them, thecse displays can not be used for
selecting another option. Thereforc after the display of
one of the tahular options, a display which has a time scale
must be generated before further nlot options can be sclected.
This display was chosen to be a summary plot of the cntire
test as represented by rms values versus time of all six data

channcls over the full time range.
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This concludes the discussion of the design requirements
specified for the display software system. A set of required
display options has been selected. The general user/soft-
ware interfaces have also been presented. The next step in
implementing the display software was to design a system of

software modules to satisfy these requirements.

Desicon

The desipgn of the display software lends itselfl very
well to a modular approach. Figure 10 illustrates the struc-
ture of the display software system. First, a root module
directs operation of the entire system. Submodules perform
the actual implementatibn of the display. Two modules allow
the user to speccify the display option, phase, and time
ranse of the ncxt plot. Then a separate module pencerates
the plot for cach display option. Access to both the raw
test data and the analysis results is required. The same
routines which werc used by the analysis system to access
the raw test data are used by the display system, New

routines are required to access thc analysis results.

Implementation

The source listings for all routines used in the dis-
play software system are included as Appendix B. Following
is a brief discussion of this software. Much of the explan-
ation of this softwarc is deferred to the display system

user's manual included as Appendix C.
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The root module DISPLAY, as commanded by user responses,
directs overall operation of the display system, The user is
prompted to provide the responses which control execution of
the display. First, the user is given the option of executing
the routiﬁe ACSPEED. This routine determines the data
samplins rate by calculating the frequency of the voltare
waveform and counting the average number of data points
present in several cycles.

Next the routine QKPLOT is executed which produces
a summary plot of 2ll rms values over the entire test rance.
An averaging scheme is employed so that only 100 points are
plotted for each signal. This summary plot is used initially
to select further plot options and time ranges with which to
examine the generator performance. This plot is also used
after either of the‘tabular displays have been presented or
whenever a larger display time range is required.

After presentation of the summary plot, the routine
PICKOPT cnables the user to select onc of the plet options.
The routine PICKTIME allows the user to select the begin-
ning and ending times over which to present the selected
display. The Tektronix Plot-10 subroutine VCURSR is
invoked for use of the crosshairs of the terminal. The para-
meters seiected by the user define the next dicplay.

The display options and the routine which implemcnts.
them are presented in Figure 11. A complete explanation of

each option and its use are included in the user's manual.

L6
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OoPTION DESCRIPTION ROUTINE

IS - Plot of choscn phase rms ISOLATE
voltage and current over
selected time range.

PR - Table of chosen phase rms  PRINTVAL
values over selected time
ranie. Provision for 1-9
readings to be averaged
before printout.

cYy - Plot of instantaneous PLOTCY
values of chogen phase
over selected time range.
Average power factor over
time range is displayed.

bC - Table of instantaneous PRINTCY
values of chosen phase
over selected time range.

. O - Plot of frequency devia-~ FREQDEV
‘ tion of chosen phase over

selected time range. Plot

of rms phase voltaZe over

time ranfe is also given,

0K - Sumnary nlot of all three QKPLOT
phases of rms values.
Values are averaged to
. produce 100 points.

Firsure 11, Display Options

Each display routine calls various Tektronix Plot-10
subroutines to produr required digplay. Figures 12-18
illustrate these display formats. Each plot is labelled to
allow cacy interpretation of the data, normally with the

maxinum valuces and the startin: and ending test tines

f
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represented in the display., In initial plots, default
valués must be used in setting the display screen dimensions.
Therefore, some parameters may be plotted "off screen',

Later displays will use the proper screen dimensions which
have been determined during earlier plottinsz.

Thus the us=2r interactively controls the display soft-
ware system to produce displays of the generator performance
during the test. Fully commented source listings of all
routines used by the display zoftware system (excluding the
Plot-10 routines) are included as Appendix B. A complete
user's manual describing the use of the display system is

included as Appendix C.
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IV, Conclusions

In order to adequately discuss conclusions about the
two software systems developed in this project, one must
draw someiconclusions about the Cenerator Test Facility
itself. This test facility represents the most advanced
system in the United States for conducting performance
testing of aircraft electrical generating systems. Repre-
sentatives from all leading generator manufacturers and
other government agencies have witnessed operation of the
facility and attest to its uniqueness.

Several factors distinguish this test facility from
others like it. Computer control of the test facility
allows, a wide variety of different test conditions to be
conducted and requires a minimum of personnel for operation.
Computer control also facilitates safety monitorineg of the

test generator system.

The use of high speed analog~to-digital (A/D) converters

reprcsents a significant improvement in the acquisition of
the generator test data. The fast conversion time of the
A/D electronics provides the capability of examining rela-

tively high speed transients in the generator output. Con-

version of the analog representations of the generator output

to digital format allows a wide range of sophisticated

analysis techniques to be applied to the data.
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This thesis project involved implementing a set of
analysis computations to be performed on the generator
test data. The selected set of computations derives
numerical measures of the performance of an electrical pen-
erator in response to conditions of a test. Experience with
the test facility has shown it to be a very valuable research
and dcvclopment tool. Extensive series of tests have been
completed on several advanced aircraft electrical gencerator
systcems. The results of these tests have shown Air TForce
engineers aspects of the systems' performance which were
previously unavailable. The two software systems developed
during this project are.critical components of the rnenerator
Test Facility. They provide the facility with the analysis
and display mechanisms necessary to make it a useful test
tool,

The software systems themselves exhibit several dis-
tinguishing features. The accuracy of the analysis softwarce
system has been demonstrated., This accuracy was attained by
implementing precise algorithms in careful programming to
achicve the computations. The value of this accuracy 1is
that preat confidence can now be placed in the test results.

The structure of the analysis softwarc itself is signif-
icant. The top-down, modular approach uscd in desioning
the softwarec resulted in a very understandable and straight
forward system. The system is easy to maintain and casy

to update. As a result, the test facllity is able to not
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only fulfull its original mission but also can be restruc-
tured to serve other test functions., To date, the test
facility and analysis system have been used for electric
motor testing and aircraft power controller testing. These
tests required some specialized analysis routines, but the
modular design of the analysis softwarc allowed them to be
added ecasily. In summary, the distinguishing features of
the analysis software system are its accuracy and modular
desipn.

The display softwarec system also has several distin-
guishing features. Foremost is the straightforward manner
in which the displays arc presented. The displays present
the sencrator performance mcasures in formats which are
clearly labelled and easy to understand. In fact, hard
copics of the display plots have been used to produce view-
osraphs for presentations to upper level management about
both the test facility, itself, and the generator systems
undcer test. Additionally, hard copies of the display pre-
sentations arc used dircctly in the technical reports written

to describe the performance of the gencrator system under

The interactive control of the display system is also
notcworthy. By issuing prompt messajpes, the softwarc
instructs the user in his selection of the display formats.

In addition, a comprechensive user's manual was written for

the display system. As evidence of the ease of using the
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display soft&arc, the engineering technician of the test
facility has been trained to use the disélay system,

Again, the display softiware was modularly desisned
and implemented. This type of design provides easy software
maintenance and update. This feature should prove very
useful. The addition of a new display format will involve
writing a new routine to provide the display and linkin: it
into the system. Thus the system can be kept current to

meet the needs of examining any new type of gencration systenm,
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Appendix C ¢ Display Software User's !lanual

Introduction

This manual describes the user interaction with the
display software system. This software allows thc user to
display the generator test data on the Tektronix 4010 terin-
inal in a number of formats. The user selects the parti-
cular format by entering a two character option word., Ile
sclects the time range of the display by using the cross-
hairs of the display terminal. Thus the user selects the
format and time range of the data to be displayed. HMessages
are output with each display directing the user in what
display options are available and how to invoke them. The

following discussions describe cach display format and

the associated user interactions.

Execution of Routine

Therce are two methods in which to initiate execution
of the display software. First, the display software is
automatically execcuted at the combletion of the analysis
software. In instances where the analysis and diasplay
software have been cxecuted previously and a re-~display is
required, the user can initiate execution of the display
software by typing the followin commands on the Tektronix

keyboard,
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Jon .
EXE DIS LM

The routinc will respond with the following message.

N L T T R T R S R
*#% . PEST DATA AVAILADLE FOR DISPLAY **
EREEFHREHAF R LRI R BRBF RN RE R R LR LR L LR R RF LR
#xes POR DATA ACQUISITION NATE INFORIIATION
EFNTER 'YE'; OTHERVISH, FOR GEIERATOR

TEST SUDLIARY PLOT, BEITER 120!
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Samgie Rate bisplay

—
'

At this point, both the data file containing the raw
test data and the file containing the analysis results have
been rewound. Since the data acquisition system can run
at several data rates, the user can determine the parti-
cular sample ratec in effect for this set of test data,

The routine accesses the first few cycles of raw test data
and counts the average number of data samples per cycle,
This information is displayed in the format illustrated in
Figure C-1.

When the user has finished with this display, he must
respond by entering "GOY, This causes the Tecktronix
screen to be erascd and the test summary plot to be dis-

played.
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Test Summary Plot

The test summary plot is the first data plot displayed
whenever the display software is executed. This format
displays ?he rms values of all six data channels versus
time, Figure C-2 illustrates the test summary plot.

Each point plotted is averaged over a time ran~e such
that only 100 points per channel are displayed. This for-
mat displays the entire time range of the test and thus
serves as a test summary.

From this initial plot, all ather display options can
be selected. VYhen the entire display has been plotted and
all labelling is complete, the user can produce 2 hard cony
of the display by depressing the COPY switch on the Tek-
tronix keyboard. Vhen the user is finished with this dis-
play, he must enter. "GO". The following messase is then
displayed.

ENTER PLOT OPTIONS,

FOR LIST OF OPTIOIS, ENTER '?27?!

If the user responds with "??", the routine lists a menu
of the available display format options. This menu is
illustrated in Fisure C-3.

Following is a discussion of each display option and

its use, The options arc discussed in alphabetical ordenr

since, in ecnecral, they may be chosen in any order.
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Instantancoué Phase Values (CY)

This format presents the instantaneous values of the
voltage and currcnt of the phase selected versus the
time range selected,

The user selects this display format by entering "CY".
The user must now sclect Tour paramcters which determine
how the instantaneous nhase value digplay is to be plotted.
First, he must position the appropriate crosshair a2long the
time axis of the current display to the desired starting
time. Iext the user nmust cnter the phase (1,2, or 3) of
scenerator data to be displayed, IHow the user must position
the crosshair to select the endinn time for the display and
set the hizhlight flag on or off,

The highlight flag determines whether individual data
points in the voltase waveform will be highlishted.  To
set the flag, the user enters a "1'"; to reset, a "0O".
Fisure C-4 presents an instantaneous phase valuc display
without hichlipghting; Figure C-5, with highlishtin<a.

Jhen the user is finished with the display, he enters
"G;O", The following message is then displayed.,

FOR REPLOT USING ACTUAL SCALING

ENTER 'RE'; OTHERWISE EITER 'GO!
The initial plot has been scaled to accomodate the largest
instantancous value present over the entire time range.
In plots of a lesser time ranve, this scaling is often not

anpropriate. By entering "RE", the user causes the previous
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display to be renlotted with scnlineg to accommodate the
maximum value over the range displayed.

When the user i finished with the display or if the
replot is not chosen, he enters "GO", The following
messare is then displayed.

TO PERFORT FOURIT AIIALYSIO

EHNHTER 'Y&'; OTHENVISE FiITER 'GO!

By entering "YEL", the user directs the solftware to cal-
culate a Fourier reprecentation of the voltaze wavefornm
displayved over the time range and accordint to tihe option
he now selects.

The user nust now select the bensinninn cycle of the
rence over which the harmonic analysis will be performed.
lie alisns the horizonitnl crosshair to a position just
before the besinning of that cycle and enters the number
of the phase to ne analyzed., To complcete the proccdure,
he must position the crosshoir to a later time and strike
another key. This last time value and input are not used
by the softwarc. The user defines the extent of the
antlysics later.,

The routine will then display the Tollowing messagpe,

ENTER UIDER OF HARTIONICS 10 BE CONPUTEnD, I2

Recause the dota sanmiine rate is variable, the user must

specify to what extent the harmonic analysis will be valid.
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At the us af samnline rate of avproximately 8800 hertz, the
analysis for 400 hertz waveforms is accurnt¢ un to the 11th
harmonic. Therefore the user should cnter an integer from
2 to 11 in an I2 format.

The.routine will then output this messarne.

ENTER NUIDBER OF CYCL®S OV VWilICH IARINONIC

ANALYSIS VIILT, B PERFORIED, I2
The software can calculate a Fourier representation over
a single cycle of the voltage waveform. !owever in order
to compare the results to thosc produced by a spectrum
analyzer, it is usually more usceful to nerform the com-
putation over several cycles. The user selects & rance

of from 1 to 00O cvcles in an I2 format.

The routine will now compute a Fouricer representation
for the wiveform seclected. TFirure C=5 is an xxample of the
reoulting display. hen the user is Tinished with the dis-
play, he enters "GO,

‘The routinec will respond with the Tollowin? meosage.

FOir PLOT OF VAVEFORM REPRESENTED B3Y FOURIER COZFFICIENTS

FEHPER O WCIt sy OTHERVISE ERYTR "Gon v
Choosine this option produces a display of the caleculated
Fourier repracentation baeclt in the tine domain,  This plot
gives the user confidence in tte results ol the harmonic

analyois,  Ficupe C=7 is an cxamole of this dianlay.,
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When the user is finished with the timec domain nlot

or if that option is not chosen, he enters "GO0". The

routine will automatically replot the oripinal test summary
plot. This plot must be displayed when a format has just

been produced which has no time axis (as in this casc) or

when a larger time range is desired than the one in the

current display.
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Frequency Deviation (FQ)

This format displays a plot of the frequency deviation
about 400 hertz of the phase selected versus the time ranqe
selccted. A plot of the rms phase voltage deviation about
115 volts over the time range is also presented.

The user selects this display format by entering "FQY,
Ifext, nhe must enter the starting time for the display and
the phase to be displayed. To do so, he aligns the appro-
priate crosshair to the position on the time axis which cor-
responds to the desired starting time and enters the phase
number (1,2, or 3). Then he selects the ending time of the
disnlay by alisning the crosshair and striking any char-
acter. This sccond character is not used but for clarity
should correspond to the phase number.

Figure C-8 presents a typical display of the f{requency
deviation option., Vhen the user is finished, he must enter
"GO", The routine will respond with the following message.

FOR RELLOT WITH EXPANDED VOLTAGE SCALT

EHNTER 'R OTHERVWISE ENTER 'GO!

In some insastonces, the voltape deviation exceeds that al-
lowed by the initial display thus plotting some valucs
"ofrf-screen'", By selccting this replot, the voltage scale
is e¥panded to accommodate * viation.

When the user is finiched with the replot or if that
ontion is not selected, the user enters "GO", At this
point, the "ENTER PLOT OPTIONGY messare 1s output and the
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user is allowed to select any of the other possible dis-

play options.,
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Rms Phase Valﬁeé‘(IS)

This format displays the rms voltage and current
values of the phase selected Qersus the time'range
selected. Several power calculations are performed over
the time range and their results are also displayed.

The user selects this display formai by entering
"IS", lle then positions the crosshair along the time axis
of the current display to select the starting time for the
rms display and enters the phase (1,2, or 3) to be displayed.
Next, he positions the crosshair to select the ending tine
and strikes another character. Again this second character
is not used but it is recommended that the phase number

again be enterecd.

Figure C-9 presents a typical pnlot of rms values.
¥hen the user is finished with this display, he enters "io",

Again, the "BUHTER PLOT OPTIONS" message is output and any

of the display oontions can now be selected.
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Instantaneous Phasce Values Table (PC)

This format displays a table of instantaneous voltage
and current values and the corresponding test times of the
phase seleccted over the time range selected.

The user selects this option by typing "PC". Then
the user positions the crosshair along the time axis of
the current display to select the starting time for the
table and then enters the phase (1,2, or 3) to be displayed.
Then he selcects the ending time and strikes any character,
Again, this second character is not used but for clarity
should be the phase to be displayed.

The routine then begins outputtinsg the table of in-
stataneous values. The routine lists a screen full of |
values, issues a beep allowiny the user time to make a
hard éopy. then the user is Tinished with the current
display, he strikes any two characters which causcs the
routine to erasc the screen and outpul the next screen
full of values.

Figure C-10 precsents a typical display of a table of
instantaneous values. VWhen the user is finished with the
last screen full of values, he enters "GO", Since this
display format has no time axis, the test summary plot is

arain produced outomatically
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General Plot of Instantaneous Values (PL)

This display format is similiar to the plot of ‘instan-
taneous phase values (éY) except that the user can select
a plot of the values of any tvwo data channels.

The user selects this option by entering "PL". Hext,
the user positions the crosshair to select the starting time
for the display and enters the number of the data channcl
(1-6) to be plotted in the upper portion of the display.
Then the user positions the crosshair to select the ending
time for the displéy and enters the number of the data
channel to be plotted in the lower portion of the display.

Figure C-11 presents a typical digplay of this type
of instantaneous values plot. ‘Vhen the user is finished
with the display, he enters "GO", The "ENTER PLOT OPTIOIIG"
nmessage is output and the user can now seclect any of the

other display options,
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Rms Phasc Values Table (PR)

This format presents a table of rms voltage values,
rms current values, power factors, frequency values, and
the corresponding test times.

The user selects this option by entering "PR". llext,
the user positions th- crosshair along the time axis of the
currcent display to sclect the starting time for the table
and enters the phase (1,2, or 3) to be displayed. Then he
positions the crosshair to select the ending time and enters
the number of cycles over which to average the instantancous
valucs before display (1-9). HNormally no averaging is

necessary, but in some instances this averaging feature is

uscful.

The outnut pasin~ described with the instantencous
values table is a so uscd with the rms values table.
Fipgure C-12 presents o typical display of this typme. When
the user is finished with the last screen full of rms valucs,
he enters "GO". Again since this format has no time axis,

the test summary plot is automatically produced.
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Quick Replot {(QX) .

In instances where the current display format has no
time oxis from which to select starting and ending times
or wvhen a larcer time rance is desired, the user nmust
select a fcplot of the orin~inal test summary by enterinc
"QK", Discussion of this display format has been pre-

sentecd carlier.
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